Summary
Introduction
In 1971 Bintz. Bintz & Riedesel (1) reported low respiratory quotients (RQ) in rats under water deprivation. They concluded that fat catabolism is typical for this state.
Their experiments were performed, however, without control of food intake. We thus decided to repeat these studies under the condition of pair-feeding and to include measurements of several other parameters of lipid metabolism (plasma lipids, fatty acid synthesis, removal of intravenous lipid loads, triacylglycerol secretion into the blood). In this way we expected to obtain a deeper insight into the different pathways of lipid metabolism in the dehydrated animal.
Materials and Methods
Male Sprague-Dawley rats weighing 250-350 g were generally employed, but smaller animals (l00-l50 g) were used for studying fatty acid synthesis.
Some days before and throughout the metabolic study the animals were housed in individual metabolic cages. Room temperature was 23-25 °C, relative humidity 50-60%. Rats were deprived of water for 24 or 48 hours, the thirsting period beginning at noon. Another group had free access to tap water until the measurements were performed. All rats were fed a Standard pellet diet (Fa. Tagger, Graz) which was offered once or twice a day (at 9 a. m. or at 9 a. m. and 5 p. m.). The food consumed by the thirsting rats was measured by weighing and reweighing. On the basis of the measured food intake the control group was pair-fed one day later. Urine volume was measured in most experiments. Several types of experiments with minor changes of this general protocol were performed. These are schematically summarized in table 1.
1. In the first type of experiment meals were given at 5 p. m. and 9 p. m. Oxygen consuraption and RQ were measured äs reported previously (2) by employing a diaferometer (Kipp and Zonen, Delft) either 24 or 48 hours after the Start of water deprivation. After these measurements rectal body temperature was recorded. The rats were then anaesthetized with ether, blood was täken by cardiac puncture and collected in heparinized test tubes. The haematocrit, and in some cases pH (electrometrically) were measured in whole blood. Glucose (3), osmolarity (Fiske osmometer), urea (4) free fatty acids (5) cholesterol (6), free and total glycerol (7) and phospholipids (8) were determined in heparin plasma.
2. In other groups of rats pretreated äs above, triacylglycerol secretion into the blood was measured. In this case the increase of plasma triacylglycerol concentration following an intravenous injectipn of Triton WR 1339® 2 ) (6ml of a 10% splution in 9 g/l sodium chloride per kg body weight into a tau vein) was detennined. Plasma triacylglycerol measurements were performed before, and 30 and 60 minutes after the Triton mjection. Immediately after the last determination of triacylglycerol, the plasma volume was measured by the Evans-blue method. In practically all details, we followed the experimental protocol described by Otway & Robinson (9) .
During the first hour after Triton, the plasma triäcylglycerol increases linearly äs described previously (10) . Triacylglycerol secretion was calculated by multiplying the increase of triacylglycerol concentration ( /ml · h) by plasma volume (ml/kg body weight).
3. In further experiments the disappearance of an intravenous lipid load was investigäted after a period of water deprivation of 48 hours. Pretreatment was the same äs described above with the sole exception that in the morning of the third day no meal was offered (see tab. 1). In light ether anaesthesia 33 ml Intralipid 20%® per kg body weight was injected into a tail vein at noon. Before injection, äs well äs 15,17 and 135 minutes later, blood was taken from the cut end of the tail and collected in heparinized test tubes. Total lipids were measured (11) In some groups these measurements were performed at noon of the 2nd day. 2 ) In this experiment the meals were offered from 9 a. m. till noon only. The quantities of food consumed were always measured before a new meal was offered.
J. Clin. Chem. Clin. Bioehem. / Voll 24,1986 / No. 5 4. In a fourth type of experiment lipid synthesis was studied 48 hours after water deprivation. During these experiments only one meal per day was offered from 9 a. m. till noon (see tab. 1). At noon of the third day 370 MBq of 3 H 2 O in 5 ml of 9 g/l sodium chloride solution per kg body weight was injected intraperitoneally. One hour later the rats were killed by cervical dislocation performed in light ether anaesthesia. The liver was rapidly removed. Total fatty acids were extracted in two aliquots of approximately 300 mg. Plasma was obtained by cardiac puncture immediately before the animals were sacrificed. The extraction of fatty acids was performed according to Lowenstein (12) with modifications äs described by Gutmann (13) . In the extracts and in plasma, radioactivity was determined in a Beckman Liquid Stimulation Counter with toluene PPO-POPOP (l 1/6 g/0.1 g) äs scintillation fluid.
This experiment was repeated with the following changes during the pretreatment period: one group of rats received 30 ml of water per kg body weight by stomach tube twice daily (9 a. m. and 5 p. m.)· Additionally they had unrestricted access to tap water. The other group was deprived of water äs above. The rats of both groups were injected intramuscularily which 0.5 I. U. of pitressin tannate® in oil at 9 a. m. and 5 p. m., the last injection being applied at 9 a. m. of the third day. Three hours later 3 H 2 O was injected. Pair-feeding and measurement of lipid synthesis was carried out äs described above.
5. In a last type of experiment plasma hormone levels were determined in rats deprived of water for 24 or 48 hours; controls were pair-fed äs above.
The following hormones were measured: triiodothyronine and glucagon by radioimmunoassay (14, 15) , insulin by enzymeimmunoassay (16), corticosterone by fluorometry (17) , Cortisol by competitive protein binding assay (18) , adrenaün, nprepinephrine and dopamine according to Da Prada & Zürcher (19) .
For the determination of catecholamines, blood was obtained by puncture of a carotid artery in light ether anaesthesia. For the measurement of other hormones, blood was obtained by cardiac puncture.
water withdrawal. The food intake of water-deprived rats (and pair-fed controls) was between 5 and 10 g pellets per day. This is about half the intake generally consumed by our rats.
Water deprivation over a period of 24 hours induced significant changes (p at least < 0.05) in only a few Parameters. Weight loss was more important than in pair-fed controls ( -5.3 ± 1.5% of body weight vs. -1.5 ± 0.3, n = 24 in both groups), osmolality and plasma urea were elevated (321 ±11 mosmol/kg vs. 303 ± 10, n = 13 in both groups; 4.5 ± 0.8 mmol/1 vs. 6.3 ± 0.5, n = 9 in both groups) äs well äs plasma levels of free fatty acids (318 ± 59 / vs. 253 ± 38, n = 9 in both groups). The urine volume of waterdeprived rats was reduced by about 75% vs. controls. Table 2 shows the results obtained 48 hours after the beginning of water withdrawal. There was a further decrease of body weight and a significant increase of the haematocrit; osmolality and plasma urea showed further elevatioii vs. controls. Mean plasma volume was reduced in dehydrated rats by about 10%; the difference, however, was not significant äs a consequence of similar Standard deviations (± 10%, see tab. 4). Oxygen consumption was not altered by water deprivation, but RQ values were significantly reduced (tab. 2). 
Statistics
Means ± SD were calculated from all experimental groups and compared by non^paired t-tests.
Results
The general state of the animals was not essentially altered after a period of 48 hours of water deprivation. Arterial systolic pressure varied between 80 and 100 mm Hg in all groups of normal and water deprived rats. Blood pH values were not influenced by further during the 24 to 48 hours after the beginning of the experiment. There was also an increase of free fatty acids in controls, s this group was pair-fed with the water deprived rats.
Triacylglycerol secretion into the blood s well s hepatic fatty acid synthesis and plasma triacylglycer l levels were diminished under water deprivation (tab. 4 and 5). An additional experiment (tab. 5) showed that high doses of vasopressin given to watef-l aded or water-deprived rats had no effeet on fatty acid synthesis when compared with corresponding animals receiving no vasopressin.
The ability to remove an intravenpus lipid load (intra^-lipid test) was not different in dehydrated and contf l rats. Before Intralipid, total lipid plasma levels were about 3000 mg/1, 15 minutes later about 10000 mg/1 in both groups. Two hours later a decrease to the values before the lipid load was observed in all rats. After twenty four hours of water deprivation there was no alteration of plasma hormone levels. After 48 hours the plasma levels of trii dothyronine were significantly decreased, while those of gl cagon and corticosterone were significantly elevated in waterdeprived rats. On the other band plasma levels of insulin, cortisol, adrenaline, norepinephrine and pamine remained unaltered (table 6).
Tab. 4. Plasma triacylglycer l and triacylglycer l secretion in rats deprived of water for 48 hours and in pair-fed controls. Means ± SD, number of experiments in ().
Plasma triacylglycer l before Triton, μηιοΐ/ΐ*) Increase of plasma triacylglycer l, Δ μηίοΐ/l**) Plasma volume, ml/kg body weight Triacylglycerol secretion, μιηοΐ/η · kg body weight Controls 855 -l· 247 (7) 2958 + 663 (6) 41 ± 2.1 (6) 121 + 2.5 (6) Water deprivation 505 ± 87 (7) 2178 + 663 (6) 37.2 ± 4 (6) 81 + 28 (6) Significance p < 0.01 p < 0.05 n. s. p < 0.05 *) Plasma total glycerol minus plasma free glycerol. **) During l hour following Triton injection. Tab. 6. Plasma levels of different honnones in rats deprived of water for 48 hours an in pair-fed controls: Mean ± SD, number of measurements in duplicate in ( 
Discussion

General
Water deprivation over a period of 48 hours results in an increase of plasma osmolality and haematocrit and a decrease of plasma volume, all in the ränge of ± 10%. Thus, increases of about 10% in the levels of any substance in plasma may be seen äs the simple consequence of reduced plasma volume. On the other band, lowered plasma levels may be underestimated to the same extent. This may apply in the case of reduced plasma triacylglycerol and triiodothyronine. Increased glucose in plasma may in part be due to reduced plasma water, although an additional glucagon effect cannot be ruled out. In contrast, the increases of corticosterone and glucagon in plasma (about 100 and 50%, respectively) cannot be explained in this way. The data for triacylglycerol secretion, fatty acid synthesis and removal rate of an inträvenous lipid load are not influenced by reduced plasma volume, because this phenomenon is already included in the calculations.
Pathögenetic mechanisms
Relations between water balance and lipid metabô lism have scarcely been investigated and such studies have been restricted to only a few Parameters (l, 20, 21, 22) . The primary aim of this study was, therefore, tö give a description of different aspeets of lipid metabolism by including dynamic tests and determination of several plasma levels of honnones involved in lipid metabolism.
A synopsis of all metabolic data leads to the following conclusions: In water-deprived rats lipids are predominantly used äs a metabolic fuel at a normal energy turnover (normal oxygen consumption, low RQ, increased plasma free fatty acids). Hepatic fatty acid synthesis and secretion of triacylglycerol into the Wood are both decreased, whereas lipid transport from the blood to the tissues (Intralipid test) occurs at a normal rate; consequently plasma triacylglycerol decreases. For the data presented two explanations seem to be possible: a) Water deprivation causes mainly intracellular dehydration. As a consequence, concentrations of electrolytes and other substances within the cell may be altered. Changes of the intracellular environment may affect the activity of enzymes involved in metabolic regulation. Exact data on this subject, however, is lacking and such considerations remain speculative at the moment. b) According to Hems et al. (23) vasopressin reduces fatty acid synthesis of isolated perfused mouse liver. From our study it cannot be concluded that vasopressin might be involved in diminished fatty acid synthesis (tab. 5). The plasma levels of glucagon and corticosterone, however, were elevated in our waterdeprived rats, which might account for the alterations of lipid metabolism. It is known that glucagon enhances lipolysis and decreases fatty acid synthesis; corticosterone also increases lipolysis äs the main adrenocortical honnone of the rat; its effect on fatty acid synthesis is not known (24, 25) . Glucagon enhances formation of ketone compounds (26) ; in our study these were not measured in the plasma. In the urine no elevated ketone excretion was demonstrated and blood pH was unaltered. Triiodothyronine increases both lipolysis and fatty acid synthesis (27) . Decreased plasma levels of this.hormone cannot, therefore, explain the pattern of lipid metabolism observed; furthermore energy turnover remained normal in dehydrated rats. Plasma levels of free thyroid hormones, however, should be known in order to evaluate the role of the thyroid gland in water deprivation. In addition to plasma hormone levels, altered effects of the hormones on target cells have to be considered. Experimental data on this subject under the conditions of water deprivation are totally lacking at the moment.
